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BONDING^YERS FOR MEDICAL DEVICE SURFACE COATINGS 

1. EieiiQjLihsJmiBDtim 

The present invention relates to an adhesive coating for a medical instrument. More 
specifically, the invention relates to polymer compositions which, when applied to an 
iBsertable medical device, provide for inq,roved adhesion of a coatmg to the surface of the 
device* and related methods. 
2 R elated Art 

Mcdtad devto SUA « cafl»«r» or Boide wires are teemd to^^^ 

devic« are required „ teve a high degree of s«K>odmess «. mure totroducion of such 
.tevices widK>ut eausiug u, tissue e,«ou«ere4 duriag placemen. The* surfaces «y 
be furft^r enha«=ed by having lubricity for prevcttog injury or tafUmnalion of tuucous 
,«^„hich«»ldbecausedwhentedevicesrea>.lnintheUssue. Other r«pir«.»«s 

15 tor medical device sorftces have also been recogniad. 

In son» inslMKesat is advaiaageoos for inedical device surfaces to have the 

saving as . depot far various physiologicaUy active substances such as anti-ftromhogenic 
substances, ««i.microbial substances. »«i.neopla.tic substances, genetic maternls. 
hormones, living ceUular niaterials ^ «hers. And..hron>hogenic ma^rials, such as 
complexes of heparin with quaternary ammonium compounds, are used on medtcal devK=e 
surfaces to prevent formation of blood dots „n the surface, which can fonn rapidly on 
vascular prosthe.«. in vitro. Antimicrobial agents including penicillins, cephalosporms, 
fluoroquinolones, aminoglycocides, sUver. compou«ls. phenol compounds, biguanides and 
others have been proposed for use m snrfee coadngs to conuol nosocomial infections that 
often occur on surfeoes of in^lanted prostheses, U.S. Paten. 5, 069,899, U.S. Patent 

5.525,348, and U.S. Patent 4,442,133. 

The construction of devices such as guide wires and catheters presents special 
problems for insertion. Guide wires generally include coUed guide wires formed of stainless 
steel and monofilament guide which may have plastic materials such as polyurethanes. 
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polyamides, polyolefflf etc. extruded over them to provide a surface to which coatmgs can 
adhere, and to provide smoothness and uniformity of the surface. 

Catheters typicaUy consist of plastic tubes which may have a single lumen or multiple 
lumens. Catheters may have balloons festened along the tube to obstruct a vessel or to fix the 
5 catheters in a desired position. Catheters may also have ports at the distal end. side ports 
along part of the length, or other mechanical featores needed to accomplish the particular 
device mission. Catheters may consist of a continuous length of mbing, or may comprise two 
or more sections of tubing consisting of sunilar or dissimilar materials which are welded 
together in order to have different properties at different locations along the length of the 
10 device. Catheters may be tapered, botii withm a segment or by having segments of differing 
diameters. Typical material of which catheters are constructed include polyamides. 
polyureihanes, vtoyls such as polyvmylchloride, polyesters, polyolefms. sUicones, and otiiers. 
Typical diameters range fi-om less tiian one mUluneter to more than 8 miUimeters. 

As typically encountered in inserting a catheter, at tiie predetermmed site, the guide 
15 wire tip is inserted through a catheter up to its tip opening, the catheter with the guide wire 
is mserted into for example a blood vessel percutaneously, and the catheter is further inserted 
through the vessel by usmg die guide wire as a leadmg and supporting guide. These 
operations produce friction and abrasive forces that apply to die surfaces of die medical 
device. It is desirable for the frictional resistance between the cadieter mner surface and die 
20 guide wire to be low. Relatively high firiction between die cadieter and the guide whe not 
only prevents die guide wire from being mserted tiirough die cadieter, but die guide wire from 
being easUy moved tiirough die cadieter, makmg it difficult to carry out subtie indwellmg 
operations at die destined vessel site. Sometimes die guide wire camiot be wididrawn from 
die catheter, rendermg die cadieter lumen umisable despite die completion of die hidwellmg 
25 operation. 

To avoid such problems, attempts have been made in die prior art to apply low 
frictional resistance Teflon and silicone oil to die outer surfece of guide wires. Application 
of sUicone oil foils to retaui lubricity because of uranediate loss of sUicone coatings. Frequent 
applications add to frictional resistance, also undesirably creating troubles as mentioned 
30 above. 
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Thffle is J9t need for a catheter and guide wire having a lower frictional resistance 
surfece which enables more subtie operation in a vessel and can be easUy inserted and remain 
at the site where catheters are otherwise difficult to manage during placement. 

Polyurethane coatings have been applied directiy on metal surfeces. U.S. Patent 
5 4,876.126. However, commercial versions of this technology require thick layers (60-80 
microns thick) in order to perform adequately. In practice, the thtek layer extends 
contimiously around the coated metal substrate. These layers have good cohesive forces and 
dius appear to 

be tightly bound on the metal surface, even though diese layers do not necessarily have good 
10 adhesk>n to the metal surfece. A disadvantage of such coatings is that because the 
polyurethane and other plastic layers are so thick, the metal diameter of the underlying wire 
must be correspondingly diminished. This is especially troublesome on the very fine wires 
such as those used in coronary angioplasty or neurointerventional catheterization procedures. 
These wires have OD's of about 0.010" (about 250 microns) and may have the majority of the 
15 diameter (about 120 to 170 microns) composed of plastic materiab instead of metals. An 
alternate method is the use of low frictional materials such as polytetrafluoroethylene coatings 
which have lower friction than metals and most other plastic materials and which can be 
applied directly onto metalUc substrates. Other materials such as high density polyethylene 
have been tried, but the coefficients of fdction are not low enough for such materials . Oils 
20 have been applied, and the coefficients of friction are low. However, such treatments are 
transient because they wear off during use. 

Hydrogel coatings are known to provide a lubricious surface for insertable devices. 
However, metals and certain plastic materials such as polyolefins, polyamides, silicones, 
polyesters and some others have mert surfaces and it is often difficult to achieve acceptable 
25 adhesion when applying surfece coatings, including hydrogel coatings, over such surfaces. 

Hydrogels can absorb several thnes their weight in water when placed in an aqueous 
emrironment. UsuaUy, hydrogel layers are attached to hydrophobic sublayer(s) and there may 
be a great deal of penetration of the hydrogel polymer molecules into the hydrophobic 
sublayer(s). The polymer molecules of both layers are left in a state of inter-molecular 
30 mingling. especiaUy in the region of the interface between the two layers. As a result of the 
inter-molecular mingling, water that is taken up in the hydrogel may find its way to the 
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intersection betweenH^substrate and the hydrophobic coating layer. The adhesion between 
the hydrophobic layer and the substrate is usuaUy jeopardized by the moisture, and adhesive 
faUure usuaUy results. This process of moisture-induced adhesive Mure is greatly 
exacerbated when the coating layers are thin. 
5 Thin hydrophobic layers containmg cellulose esters and acrylic polymers may be 

coated direcUy on metal substrates. U.S. Patent 5,001.009. Hydrogel coatings may be 
applied directiy over such layers. Such systems perform well on coU type guide wires, 
because the coating is able to gain additional adhesion by penetratmg between tiie coU wires. 
However, such layers tend to allow too much moisture penetration resulting in deterioration 
10 of adhesive bonds when applied onto mandril style metal substrates. 

SlfMMftPV OF THF. INVENTION 
It is an object of the present im^ention to provide materials which can be appUed withm 
layers directiy on medical device surfeces on which it is difficult to achieve coating adhesion, 
and which allow layers to be appUed over tiiem to enhance performance and biocompatibility 
15 of such devices. It is another object of the present invention to provide metiiods for preparing 

such medical mstruments. 

It is a furtiier object of tiie present invention to provide guide wires, catiieters, 
drainage mbes . feedmg tubes . and odier devices which are used in contact with hmnan tissues 
and fluids, witii surfeces tiiat show enhanced biocompatabiUty and may become very 
20 lubricious when contacted by body fluids. It is another object to provide such devices which 
contam substances which combat infections, blood clots, inflammation, and other disorders 
tiiat may result from in vitro placement and use of such medical devices. 

According to a first aspect of the present invention, tiiere is provided a medical device 
comprising a substrate having a surface to be coated. The surface is characterized as being 
25 relatively uiert and does not have reactive functional groups on tiie surface. A polymer 
coating which may be a smgle or mfaced (hybrid) polymer layer is provided on tiie substrate 
surface which is strongly bonded to tiie substrate surface. THe polymer layer on tiie device 
surface is such tiiat otiier layers applied over it will be strongly bonded to such layer. 

Substrates to which coatings according to die invention may be applied include metals 
30 such as stainless steel, nickel, gold, chrome, nickel titanium alloy, platimim and otiiers; 
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p,„.i« such » saS, ^^y^. ^y<^- ''^'"'f 

endoscopy, wes, s«nU, »^ic^ baUoo.,. wo»«i d«»>,. »«ioveo<» sh^«. 

^.,.,odta»«s i^ludecoa-ed guide wires, par*-, oundrel-typewres, ca*.^^ 
lai^ OO^s. ir^uUSo. in p«»»to leads, a»i s»»o4 d-in Wires .^"P""^ 
„Z»n»rvendo„oroteproc^«resre,uiringawireduclu^of.«s«»a^^ 

mUs (250-500 microns). 

Acccrdi.,„.,«»«l.sp«tofa«pr«e«inv.«ion. d>.re are provided methods for 

p^ariag radical de«». con^ <»«.g n«B»l device surto wid> a dun po.y,n« 

L ^ succeeding coared U,ers „iB be ,»ngi, » said U.i» Po.y»- iay«^ 1^ 
^ . *en coa^ wi* od.er U,er, de,ig«d «, «*ance p«™ and^ 
hioco.^«i.,ofd..«dica. device. Such .aye,. -a, i«.ude n.ed.c«^ coaun^ 
e^ serve as »^ reservoirs fcr physio.o,ical„ acdve agen« . release efli»»^ 
.^^e^radon, o, such age«s near dre dev^ sur,^. bydrogd coaungs » pr^Kie su^ 
,**i„.coteco«ahdn,coad.«s. abrasion resisuntcoaUngs, combinauons of one or ™«e 
o,d»abov..andod»rc«adngsh«end«i»»Juu».d»pcrfbrn»ceof*^^^^^ 

TTds invention saMes a long fa. »e4 for a dun weU^onded lubrrc-ous coatmg for 
, i™iwehiugn»dicaldevices.™einvendon,«««as«hereprevio„s..n«=a.^ 

^yers » nodical devices have f^Ued. despi^ ««.»lve efS^ in a cro^ jd^ 
The invemion e— .he need for Uc. coadngs. wid. e^ P«««-- ^ 
^^rials and »ed.ods of *e hrvenrion were previous., icown 
ndva^ages were not previous., appreci^ed. Furdrer objectives and advantages dta. can be 
15 a.,.inedb,d«presen.inven.ionwil.bec«n«apparentfromdKdetaUeddescr,p.»^ 

I II Ti 111 rn rnmiT"" """""^ KprirmrFP fmbopimfots 

,n describmg preferred en*odin>en.s of d» present invention iUustrated ht d>e 
drawings, specific temrinoiog, is e.p.o,cd fbr dre sake of darit,. However. *e tnve^on 
i,^Lltobe,i.uitedtod,especificter.ino,og,so,e.ected.andit«tobe — 
d«eachspecUicden.er.u..ud=sai.«hnica.«piva.entswhichopera.cu.asm„larn^ 
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to accomplish a sSr purpose. Thin bond or tie coat layers according to the invention 
may be applied to difficult-to-bond-to substrates in order that other layers which cannot 
normally be bonded to such substrates may be satisfactorily bonded. The polymers of the 
invention are sufficiently resistant to degradation by solvents in succeeding layers tfiat the 
5 coating does not lose adhesiveness when soaked in water and is impervious to water diffusion 
from the sur£au:e. 

Classes of polymers which may be employed include acrylic polymers and copolymers 
based on monomers such as methylmetiiacrylate. butyhnethacryiate, isobutylmetiiacrylate. 
ethylmethacrylate. methylacrylate. acrylic acid, styrene methacrylate. styrene acrylate. and 
10 otiiers; vmyl polymers and copolymers such as polyvinylpyrrolidone, vinylpyrrolidone- 
vinylacetate copolymers, ethylene acrylic acid copolymers, epoxy polymers, and others. 
Exemplary commercial products that may be used in the invention include acrylics such as 
ARYLOny' (Rohm & Haas) AT-63. AT-51. AT-81. WR-97; Polyvinylpyrrolidone polyvinyl 
acetate copolymers such as PVP/VA (GAP) E-335, E-635; ethylene acrylic acid copolymers 
15 such as PRIMACOR™ (DOW) 5989. 5990; melamine resins such as CYMEL (CYTEC 
Industries) 303, 370. 380; epories such as EPON (SheU) 1001. Otiier appropriate polymers 
having the requisite characteristics will be apparent to persons of ordinary skill. 

The polymers preferably, but not necessarily, contain reactive groups or points of 
reactivity such as hydroxyls. mono-, di- and tertiary amines, acids such as carboxyl. amides, 
20 or otiier groups which represent points of chemical reactivity. The polymers and points of 
chemical reactivity are able to form attractive forces such as hydrogen bonding toward the 
medical device surface, and also toward tiie coating layers to be applied over tiiem. Such 
bonds are very strong, and prevent penetration of tiie top coat layer and water without 
requiring covalent or otiier ionic links between die device surfeces and die tiiin polymer tie 
25 coatings. 

Polymers with reactive groups are preferred to help bond witii substrates like metals. 
However, polymers lacking such groups such as acryUc or styrene polymers may also be used. 

The reactive groups can also react to form a cross-linked matra or help to form a 
cross-linked matrix. If desired, cross-linkers such as urea resins, melammes, isocyamites. 
30 phenolics. and otiiers may be incorporated to cross-link tiie polymers of tiie invention witii 
tiiemselves. by reacting witii tiie points of chemical reactivity on tiie polymer chains. 
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AlBrmavd,. cn».Srs«,«aw«h*«-lv« to form a cross-ltaked „.T« mwhjd, 

^ to polymeric .ie com (eito b«w.» *e Pri^ip.1 polymers or «o»l d>eo.) . useful 
tapro,noUug.««tivc.dh«ioobye^to«»solv«.sus.dtos»cc«^ 
5 do uc. a.«ck and degrade U-e »e coa. pol,u«r U,er «»=es,iv.„ a»d by ^ 
penewio.. When d,e «e coa. layers are subjee«d u. ««««W. soWem .«adc.he 
1 coat layer may be auted by d» succeedb, coating layer .hereby deg«dmg the 
b.^b«»e«*e«eco«Uy.r..Kl.he,nedici<.e,icesurface. Excessive water p««ra,.<«. 

can also degrade adhesion. , , , 

,0 ».ccordi.«.o.hei..veu.io.,n.,bepr«p.redwithpoiymersd^ 

ofreactivi.,.sud,as«:,ylicor„yre«p.l,.oer,orcc^ly..»rs. Likewise. ooadugs .»a, be 
^widK^cross-ii^ng. However, with such coadBg, a greyer tie coat ddctaess may be 
or desirable than wi^ layers made of polymer, wid. points of reactivtty and tay«s 
1 cross-ih^ing, U, order to achieve a high deg^ of »««io. o, '-^^ 
,5 acoordh^^^emventio. For «,an^le.or«s4inked coatings wid,poiy,nershav».gr.«»« 
^„„ybc.bout«»to.b«u.enmicrons.bick.inco«rastwithacoatingas.n« 

t lre.waterW»=ryiic s.yr«.e copolymer . applied to metal, with ahydr^el layer 
on top, atria total thicknesa of about 3(M0 microns. 

The tie coat layer, of the preset invention are extretnely durable, even when 
«, immersed in water for prolonged period,. As will be shown in examples, coa^.^ ™ 
,,,i.lesssteelcanbes<«lcedh,wa«r*.,.».ri»wi.ho.tlosh«adh.ai^^ 
^ ate applied to the samples, Hydroge. layers « absorb «veral »mes wetgh. 
^^.er Iserve as a pathway for water dif^ion into the layer (s, between d« hydr^ 
,a,er««.*emedi.^ae.i<»»«- Such exp«ure to water, especially for extended pert^ 
« represe^s a considerable chaU^ge to the tfe »at, of the present htvention and me ftct ^ 
d,ey are able «riure »eh cMenge, wid»« adhesive Mure is a surpr«,ng resul . m 
tie coat layers o, the present invendon ate so dth. typlcaUy less tf»n 5 microns. d«t the 

adhesiveness is all the more remarkable. 

The coatings of the invention may be dun. on flte order of .0002 - .0005 (5-12 
30 mic.o.,)..,.K»ghltmaybeasthickasisdesirable. ^^^'^'^'^'^'^^l'^ 
o,abo«2 logout 100 mkxons. tt^preferably less dtan about 80 mtcrons. or 60 micron,. 
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and particularly preferred embodiments are less than about 15 microns thick. Bond coats of 
about 2 to about 10 microns are generally quite adequate. If the coating is thu;ker. it may 
cause other problems in certain applicatkMis where thmness is important. 

A coatmg accordmg to the invention may include a bond coat of about 5 microns and 
5 a two-layer hydrogel comprising a 5 micron base coat and a 5 micron top coat, with a total 

thickiffiss of about 15 microns. 

Examples of substrates and bond coat formulations that are effective witii them are 
listed below. Many other combinations wiU be apparent to a person of ordinary skUl 
following the teachings of the invention. 
10 stamless steel: epoxy resin; vinylpyrrolidone-vinyl acetate copolymer; styrene 

acrylfc aqueous disperston; ethylene acryUc acid copolymer plus 
melamine resm; ethylene acrylic acid copolymer plus melamine 
resin plus hydroxyl function acrylic polymer plus isocyanate 
polymer; carboxyl function acrylic polymer plus epoxy resim 
J J acr^ic (Uspra^on polymer 

polyefliylene ethylene acryHc add copolymer phis melamine resin plus hydroxyl 

function aciyUc polymer phis isocyanate polymer 
siUcone eflqAene aoylic add copolymer phis melamine resin plus hydroxyl 

function acryUc polymer phis isocyanate polymer plus oxygen 

2Q plasma 

polyester eti^ene acrylic add copolymer plus melamine resin plus Iqrdroxyl 

function acrylic polymer plus isocyanate polymer 
polyamide oxygen plasma plus polyvuiylbutynal 

Thecoatingsarecoherentmtiiattheyformacontinuoussurfecelayer. When coated witii 
25 atopcoat.tiieresultingcoatingsareresi5tairttoremovalonprolonged soaking in aqueous fluids, 

and are adherent to a wide variety of substrates. 

There are several usefiil tests of adhesion of coatings comprising tiie bond coat of tiie 
invention. Two oftiiem are die dry adhesion tape test and tiie wet rub test. Uncovered tie coat 
coatings generally adhere weU to a substrate, as do tie coat coatings witii a base coat such as a 
30 ceUulose ester layer, but problems frequently arise when a surface coating is applied, such as a 
hydrogd. Completed coatings according to tiie invention are able to endure immersion m water 
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for at least an hour andranain adheave and resistant to removal by abrasion as mdicated by the 
wet rub test. and. after drying, the tape test. This sets them apart from the prior art. 

In the wet tub test. paraUel cuts are made through the coating with a razor or knife. The 
coatingisimmersedinwaterforapredetermined period, suchasanhour. A finger is then rubbed 
brisklyacrossthecuts. Peel-back of the coating constitutes coating faihire. In the dry adhesion 
test, adhesive tape is pressed firmly onto the coating, then peeled off briskly. Removal of the 

coating constitutes failure. 

The coatings according to the invention may be applied to the surfiice of a biomedical 
device or other device with sufficient thickness and permanence to retain the coating' s desirable 
qualities throughout the usefiil life of the coated device. They have sufficient thimiess to be 
usefiil m many appUcations inappropriate fi^r prior art coatings. The coatings of the invention 
are nonreactive with living tissue and are non-thrombogenic in blood. 

The coatings may be applied by various techniques such as dip, spray, brush, wipe, or 
other methods known to those skilled in the art. The coating solutions have low viscosities, 
typically less than 100 CPS. and have good spreadmg properties. The coatings are baked at 
elevated temperatures. typicaUy SOX to lOOX, to drive off the organic soWents. 

Gas plasma treatment may be done according to conventional methods. A vacuum is 
drawn, a gas such as oxygen or ammonia is allowed in, it is excited with Rf. and the surfece is 
allowed to stay m contact whh the resulting plasma for a sufficient time, such as 20 minutes, to 
put fimctional groups on the surfece. Oxygen produces hydroxyl surface groups, and ammonia 
produces amme groups covalently bound to the polymer surface. Over time the groups tend to 
fold into the surfece and become less reactive, so plasma-treated surfaces are best used fresh. 

The coating systems described herein produce coatings timt remain bonded in aqueous 
fluids on suifeces such as polyethylene, polypropylene, polyamide. polyester. siUcone and metals 
such as stainless steel, platinum, gold, nickel, titanium, nickel-titanium alloys, chrome and otiier 
surfeces ibat are generally considered as presenting adherence problems. It may be necessary to 
treat some surfaces with gas plasma or otiier ionizing treatment to promote adhesion to tiie 
substrates. The foUowing examples show some embodiments of how the invention can be used. 



EXAMPLE 1 

0 A stainless steel surfece was brush coated witii tiie following solution, and dried for 30 

minutes at 85'C. Add in order, stir until dissolved. 
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5.55gm 

Epoxy resin 2.37gm 

^y^^^ 62.08gm 
TetrahydrofuranCTHF) ^^^^ 

Cyclohexanone 2 Sgm 

5 Ethanol 25 
VmylpyrroUdone-vinylacetate copolymer • 

The coating was tested for adhesion by cutting Unes through it with a knife and then rubbmg 
briskly across the cuts with a finger after the coating was immersed in water. No faihire of 
adhesion (i.e. peel back) occurred after the wet rub test. Nert. the coating dry adhesion was 
10 tested by pressing Universal Tape 83436 tape (United Stationers Supply. Co.) firmly onto the 
coating and peeling the tape off briskly. No coating should be removed by this test. This sample 
showed no adhesion failure on the tape test. 

EXAMPLE 2 

A styrene acrylic aqueous dispersion polymer (55% soUds) was brush coated on a stainless 
15 steel surface, and dried for 30 minutes at 85'C. This coating showed CKceBent adhesion when 
tested accoring to example 1. 



EXAMPLE3 

A sample as per example 2 was overcoated with a hydrogel composition consisting of: 

Polyvinyl pyrrolidone(PVP) 1361^ 

20 Ethanol ^^^^ 

Butyrolactone - g 
0.0625% nitroceUulose in cydohexanone 

The coating was dried for 25 hours at 85»C. The coating passed the wet and dry adhesion 
tests according to example 1. 



25 EXAMPLE 4 

The following solution was brush coated on a stainless steel surface, and dried at 85'C for 2 
hours. 

5% (w/w) Ethylene acrylic acid copolymer in tetrahydrofaran (THF) 15^ 
Cyclohexanone 24™ 
30 Melamine resin 
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_ .23gm 

Xylene 

. .Igm 
TricMoFoacebc acio 

This coating was dried for 15 hours at 85X. The adhesion of the coating was tested 
5 according to example l, and had good adhesion under both wet and dry conditions. 

EXAMPLES 

A sample as per example 4 was overcoated with the following solution and dried 2 hours at 
BS'C. 

. . * I70.6ffln 
Krtrocellulose sohition* 

10 Cyclohexanone 

Benzyl alcohol 86 0cm 

10% (w/w) polyurethane in THF • 

Acrylic polymer with hydroxylfimctioh 4 5aak 

Melamine resin 17 55gm 

15 Xylene 495 

B^^o^ . 0.5gm 

Trichloracetic aad ^ 



•Nitrocellulose solution: 687em 
20 Vi"RSNitroceUulose ^^^^ 
Butyl acetate 

Toluene g54 
Ethyl acetate ^^^^ 
Camphor 
25 IXbutylphthalate 

Next the sample was overcoated with the following Mrogel solution and dried for four hours 
at85°C. 

PVP ^"^^ 
. 136. Igm 

Ethanol 30g 

30 Butyrolactone ^ _ 

0.0625% Nitrocellulose solution in cyclohexanone ^ og™ 

Hieadhesionofthe coatings was tested according to example 1 and had good adhesion under 
both wet and dry conditions. The sample had good wet lubricity. If the first coating was omitted 
the adhesion failed under the test conditioa 
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EXAMPLE 6 

The Mowing solution was dip coated on a stainless steel wire and dried for 2 hours at 85°C. 

5%(w/w) ethylene acrylic acid copolymer in THF 1 5gm 
Cyclohexanone 

5 Hydroxyl fimction acrylic polymer .24gm 

Mdamine resin '^^^ 

80% (w/w) isocyanate polymer in THF -^Zgm 

Trichloroacetic add -^^Sm 

Next the sample was overcoated with the same two overcoating solutions per example 5. The 
10 adhesion was good when tested according to example 1 under wet and dry conditions. The 
sample continued to show good adhesion after soaking in water for more than 130 days. The 
coating had good wet lubricity. 

EXAMPLE? 

Polyethylene tubing was exposed to oxygen plasma treatment. The PE tube was then coated 
15 with the same coatmgs as per example 6. The adhesion was good when tested according to 
example 1 under wet and dry conditions. The sample hiad good wet hibridty. 



EXAMPLES 

Polyethylene tubing was treated as in example 7. except that the middle coating just 
underneath the hydrogel consisted of: 

20 Va' RS NitroceUulose 2.89gm 

Dibutylphthalate ^-^^ 

Camphor ' ^ 

Polyurethane ^"S^ 

Cyclohexanone ■ ^ 
25 Methylethylketone 

Benzyl alcohol ^ ^ 



THF 



lO.lgm 



Ethylacetate 

Ethanol ^^^l^ 

30 Isopropanol ^.5^ 

Toluene 22.9gm 

Butylacetate ^-^Sm 

The sample had good adhesion when tested according to example 1 under both wet and dry 
conditions, and had good wet lubricity. 



- 12- 

SUBSTTTUTE SHEET (RULE 26) 



W09802474 PCT/US98flllS31 



EXAMPLE 9 

Silicone tubing was treated as in example 8. The coating had good adhesion when tested 
according to example 1 under wet and dry conditions, and the coating had good wet lubricity. 
EXAMPLE 10 

Silicone tubing was exposed to oxygen plasma treatment by pladng in an evacuated vessel and 
subjecting to alternate cycles of adding o?^gen and cycling Rf power. Initially, oxygen is fed in 
at 550 ± 50 mTorr for 0.25 minutes. The oxygen is turned ofi; and the Rf power is turned on, 
vwth 450 ± 50 watts forward and ^50 watts reverse, for 2 minutes. These two steps are repeated 
five times, with the remaining oxygen cycles lastmg 2 minutes. The tie coat is typically applied 
to the plasma treated surface before degradation of the plasma treatment, within a day or two. 

Next, the treated tubmg was dip coated with the following solutions and dried one hour at 
85X. 

Polyvinylbutyral IS.Ogm 
Ethanol 35.4gm 
Xylene 34.9gm 
Methylethyl ketone 43.4gm 
Propylene glycol methyl ether acetate 48.9gm 
Dipropylene glycol methyl ether acetate 9.0gm 
Isobutyl acetate 1 .89gm 

This coating was overcoated with the same hydrogel as used m example 3 . The coated sample 
had good adhesion when tested according to example 1 under both wet and dry conditions, and 
had good wet lubricity. 



EXAMPLE 11 

Stainless steel was coated with the following solution and dried 60 minutes at 85^C.. 



Polyvuiyl butyral 9.00gm 

Ethanol 17.70gm 

Xylene I8.19gm 

Methylethylketone 2 1 .70gm 

Propylene glycol methyl ether acetate 24.45gm 

Dipropylene glycol methyl ether acetate 4. 50gm 

Isobutyl acetate -^Ogm 

Aciylic polymer with hydroxyl function 1 .52gm 

Melamine rean -3 8gm 

Butanol •42gm 
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Next, the sample was overcoated with the last two coatings that were used to overcoat the 
first coadog in example 5. The sample had good adhesion when tested according to example 1 
under wet and dry conditions, and the sample had good hibricity. 
EXAMPLE 12 

A sample of polyester tubing was treated as per example 8. The sample had good adhesion 
when tested according to exanqde 1 under wet and dry conditions, and the sanqile had good wet 
lubridty. 



EXAMPLE 13 

A stainless steel surfiice was dip coated with the following tie coat solution and dried 2 hours 
at85°C. 



Carboxyl function aaylic pofymer 1 .85gm 

Aromatic 150 2.32gm 

Butyl Cellosolve -SSgm 

Tjjp 3.SSgm 

Xylene -l^gm 

Epoxy resin -^^gm 



Next, the san^e was ovffcoated with the same hydrogel coating as per example 3, and dried 
for 2 hours at 85°C. The san^le had good adheaon when tested according to example 1 under 
wet and dry conditions, and had good lubrid^. 

EXAMPLE 14 

A sample of stainless steel was dip coated with the same tie coat solution as used in example 
1. and was then dried for 2 hours at SS'C. Next, the sample was overcoated with tiie last two 
coatings of raample 5. The sample had good adhesion when tested according to Example 1 
under wet and dry conditions, and the sample had good lubricity when wet. 



EXAMPLE 15 

A sample of stainless steel was dip coated witii the following tie coat composition, and was 
dried for 2 hours at 85 " C. 

Water *8°> 
10% Triton x 100 nonionic surfectant .88gm 
50% Acrylic dispersion polymw 18.8gm 



- 14- 

SUBSTiTUTE SHEET (RULE 26) 



wo 98/32474 

t 



PCTATS98y01531 





Next, the samplewas overcoated with the last two coatings of example 5. The sample had 
good adhesion when tested according to example 1 under wet and dry conditions, and the sample 
had good lubricity when wet. 

EXAMPLE 16 

A sample of PEBAX polyamide tubing was treated according to Example 1 0. The sample had 
good adhesion vAi^ tested according to Bcample 1 under wet and dry conditions, and had good 
wet lubricity. 

EXAMPLE 17 

A sample of Nylon 12 tubing was treated as in Example 16, except that no oxygen plasma 
treatment was used. The sample had good adhesion when tested according to Example 1 under 
wet and dry conditions, and had good wet lubridty. 

The embodiments illustrated and discussed in ibis specification are intended only to teach 
those skilled in the art the best way known to the inventors to make and use the invention. 
Nothing in this specification should be considered as limiting the scope of the present invention. 
Modifications and variations of the above-<iescribed embodiments of the uivention are possible 
without departing firom the invention, as appreciated by those skilled in the art in light of the 
above teachings. It is therefore to be understood that, within the scope of the claims and their 
equivalents, the invention may be practiced otherwise than as specifically described. 
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1. An insertable medical device comprising a biocompatible surface coating on an inert 
surface of the device, the coating comprising a coherent bond coat layer with a thickness of 
between about 1 and about 100 microns, conq)rising a bonding polymer forming bonds with the 
inert surface of the device, and further comprismg an outer layer that adheres to the bond coat 
layer, the coating remainmg adherent to the sur&ce and re^stant to abrasion and to removal from 
the device by adhesive tape after soaking in water for an extended period. 

2: A device according to daim 1 , in which the bonding polymer is selected from the 
group consisting of acrylics, epoxies, acetals, ethylene copolymers, polymers containing hydroxyl, 
amine, carboxyl, amide, or other reactive groups, styrene acrylic polymer, ethylene acryUc acid 
copolymer, carboxyl function acrylic polymer, hydroxyl function acrylic polymer, acrylic 
dispersion polymers, copolymers based on methyhnethacrylate, butyhnethacrylate, 
isobutyhnethacrylate, ethylmethacrylate, methylacrylate, ethylacrylate, acrylic acid, styrene 
methacrylate, and styrene acrjdate, polyvinylpyrrolidone, vinyipyrrolidone-vmylacetate 
copolymers, other vinyl polymers and copolymers, ethylene acrylic add copolymers, epoxy 
polymers, and copolymers thereof 

3. A device according to claim 1, wherein the polymer includes a reactive group. 

4. A device according to claim 3, in which the bond coat further comprises a cross 
Unker that interacts with the reactive groups on the polymer chains, the cross linker being 
selected from the group counting of urea re^, melamines, isocyanates, epoxies, and phenolics. 

5. A device according to claim 1, wherein the bonds comprise non-covalrat bonds. 

6. A device according to daun 1, in which the bond coat thickness is between about 
1 and about 10 microns. 

7. A device according to claim 1, in which the total coating thickness is less than 
about 40 microns. 

8. A device according to claim 1, in which the inert surface comprises a material 
selected from the group consisting of stainless steel, nickel, gold, chrome, nickel titanium alloy, 
platinum, another metal, silicone, polyethylene, other polyolefins, polyest^, and other plastics. 

9. A device according to claim 1 , the medical device being selected from the group 
consisting of needles, guide wires, catheters, surgical instnmients, equipment for endoscopy. 
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wires, stents, angiopS^ balloons, wound drains, arteriovenous ^unts, gastroenteric tubes, 
urethral inserts, laparoscopic equipment, pellets, and implants. 

10. A method for coating a medical device having an inert surface comprising 



form an adherent bond coating on the sur£u:e, drying the liquid to form a thin coherent bond 
coatmg that adheres to the sur&ce of the medical device, then applying an outer layer that 
adheres to the bond coating, the overall coating remaining adherent to the substrate and resistant 
to abrasion and removal by adhesive tape after soaking in water for an eTctended period. 

11. A method according to claim 10 in which the outer layer comprises at least one 
of a lubricious coating, a medicated coating, a colored coating, an abrasion-resistant coating. 

12. A method according to claim 10 in which the applying step comprises dippmg, 
spraying, brushing, or wiping. 

13. Ametfaod according to claim 10 fiurther comprising pretreating the inert sur&ce 
by gas plasma or other ionisdng treatment before the applying step. 

14. A method according to daim 10 fiirther conqiriang heating the coatmg to at least 
about 50 " C to drive oflF the solvent, 

15. A coating liquid for applying a bond coat to a medical device having an inert 
surface, comprising a solvent and a polymer that bonds with the inert surface of the medical 
device, and fiirther comprising an outer layer that adheres to the bond coat layer, the coating 
remaining adherent to the substrate and resistant to abrasion and removal by adhesive tape after 
soaking m water for an extended period. 

16. The coating liquid of daim IS fiirther compri^ a oross linker that interacts with 
reactive groups of the polymers. 

17. The coating liquid of claim IS Ti^eran the cross linker is selected from the group 
consisting of urea resms, melamines, isocyanates, epoxies, and phenoUcs. 

18. The coating Equid of claun 15 wherdn the viscosity is less than about 100 cps. 

19. The coating liquid of cldm 15 wherem the solvent is selected from the group 
consisting of water, xylene, tetrahydrofiiran, cyclohexanone, ethanol, butyrolactone, butanol, 
trichloroacetic acid, benzyl alcohol, isobutyl acetate, methyl ethyl ketone, Aromatic 150, butyl 
cellosolve, and toluene. 

20. The coatmg liquid of claim 15 &rther comprising a surfactant. 



applying to the surface a coating liquid comprising a solvent and a bonding polymer selected to 
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21. A deviroaccording to claim 1, the bond coat layer and the outer layer having 
an interface where the components of the layers are interpenetrated. 

22. A composition adapted for forming a bioconq)atible surface coating on an inert 
surface of a medical device, the composition comprising a bioconqjatible bonding polymer 
that bonds with the inert surface of the device to form a bond coat, the bonding polymer 
further being selected to adhere to an outer layer q)plied over the bond coat layer, the coating 
remaining adherent to the substrate and resistant to abrasion and removal by adhesive tape 
after soaking in water for an extended period. 

23. In a biocompatible coating for an insertable medical device having an inert 
surface, the improvement conq)rising a coherent bond coat layer formed by a bonding 
polymer that bonds with the insn surface of the device, the bonding polymer farther adhering 
to an outer layer s^plied over the bond coat layer, the coatmg remaming adherent to the 
substrate and resistant to abrasion and removal after soakmg in water for an extended period. 
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